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BIOMETRIC ANALYSIS OF THE EFFECT OF ORAL VITAMIN A ON
HUMAN EPIDERMIS*
HERMANN PINKUS, M.D. ANT) ROSIE HUNTER
In a previous paper Hunter and Pinkus (1)
reported that the oral administration of 150,000
units of vitamin A daily for one month decreased
epidermal keratin cell counts in all of ten healthy
volunteers. The question of the biologic mech-
anism that brought about this decrease is the
subject of the present paper.
MATERIAL AND METHODS
Ten healthy adults (7 male and 3 female)
ranging in age from 25 to 40 years volunteered for
the study. The keratin layer was stripped off an
area approximately 6 X 1.25 em on the flexor
surface of one forearm by repeated application of
Scotch Tape® until a dry glistening surface was
obtained. The stripped-off material was saved for
counting horny cells as reported (1). Under local
xylocaine anesthesia, 2 mm punch biopsy speci-
mens were removed from the stripped area 24, 48,
72, and 96 hours later (Series 1), and a control
specimen was taken from normal skin at least 2
em distant to avoid spill-over of mitotic activation
(2). The subjects then took one buccal doset of
vitamin A, 150,000 units daily for 30 days. A
similar area was stripped on the other forearm at
the end of this period, and control and 24, 48, 72
and 96 hour biopsy specimens were taken (Series
2). A final strip and third series of specimens were
done at the end of another month during which no
vitamin A was taken.
The specimens were fixed immediately in
formol-alcohol and embedded in paraffin. Cells
were counted in serial sections cut at 8jz andcounts
corrected according to Abererombie's formula as
described by Pinkus (3). The number of resting
and dividing nuclei was determined for one square
millimeter. The number of horny cells per square
centimeter was taken from published data (1) and
divided by 100.
RESULTS
The experiment had two parts and two
purposes.
A. Control biopsy specimens of each of the
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three series combined with counts of stripped-off
horny (keratin) cells furnished information on
possible effects of vitamin A on skin in its
normal, "static" condition.
B. Specimens taken after stripping measured
the ability of the epidermis to restore the lost
keratin layer under the influence of vitamin A.
Table 1 lists corrected cell counts of one
representative case.t All other data have been
summarized in graphs in which the values of the
control specimen of Series 1 are set at 100%.
This was done to eliminate considerable varia-
tions of initial numbers of cells between individ-
uals (Table 2). Because of this great variability
of individual values, no statistical analysis was
attempted. It may be mentioned that cell counts
done by one experienced observer are reproducible
with 10% accuracy. Larger deviations may be
considered significant.
A. Effect of vitamin A ON Number of epidermal
cells.
Figures 1—8 represent percentage changes in the
number of various classes of cells in the epidermis.
As was shown in the preceding paper, the
number of stripped-off horny cells (Fig. 1) was
decreased in all 10 cases in Series 2 after one
month of vitamin A, reversed the trend in
Series 3, taken one month after vitamin A had
been discontinued, in 7 eases and exceeded
initial values in 4 subjects. It is seen in Fig. 2
that in contrast the number of all nucleated
elements, including basal cells, prickle cells,
granular cells, and often a few parakeratotic
cells, was increased in 9 of the 10 cases in Series
2. The trend was reversed in 7 of these 9 subjects
in Series 3, but remained above initial values in
6. The 10th subject (Case 6) showed a smaller
number of nucleated cells in Series 2 and re-
mained below the control value in Series 3.
There was no apparent explanation except that
his initial cell count had been unusually high
and actually exceeded values found in some of the
other subjects in Series 2.
By adding the figures for stripped-off horny
t Complete data may be obtained from the
authors on request.
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TABLE 1
Corrected cell counts of Case 3 per square millimeter
Phase
of
Experiment
Time
after
Stripping
Basal
Cell
Nuclei
Prickle
Cell
Nuclei
All Inter-
mitotic
Nuclei
Kerato-
hyalin
Nuclei
Para—
keratotic
Nuclei
All Post-
mitotic
Nuclei
AllN IUC ei AllMtI oses
of
1ter•—
mitotics
Initial, Series 1 Control
24 hrs
48 hrs
72 hrs
96 hrs
15,000
11,700
13,200
18,400
13,400
34,300
24,100
32,900
52,400
29,900
49,300
35,800
46,100
70,800
43,300
5,100
6,300
13,600
14,300
9,900
100
16,400
14,200
13,600
16,400
5,200
22,700
27,800
27,900
26,300
54,500
58,500
73,900
98,700
79,600
20
120
1,600
1,575
178
0.041
0.340
3.470
2.230
0.410
One month,
Series 2
Control
24 hrs
48 hrs
72 hrs
96 hrs
23,800
14,100
12,600
13,900
16,800
51,300
33,600
30,400
34,000
42,800
75,100
47,700
43,000
47,900
69,600
59,700
52,400
43,800
57,000
42,300
4,400
6,100
17,600
9,300
13,200
7,000
5,900
22,100
14,600
10,800
200
6,400
9,400
4,500
8,400
300
8,100
23,600
26,300
30,700
4,600
12,500
27,600
13,800
21,600
7,300
14,000
45,700
40,900
41,500
79,700
60,200
70,000
61,700
91,200
67,000
66,400
89,500
97,900
83,800
133
0
891
280
120
29
50
2,171
444
422
0.180
0.000
2.072
0.584
0.172
0.049
0.095
4.956
0.778
0.998
Two months,
Series 3
Control
24 hrs
48 hrs
72 hrs
96 hrs
16,000
15,000
14,900
15,300
12,900
43,700
37,400
28,900
41,700
29,400
cells per square mm to the sums of all nucleated
cells counted in sections, an approximate value
is obtained for all cells per square mm of skin
surface. Fig 3 shows that these values fluctuate
less, are close to initial figures in 4 cases, defi-
nitely higher in 5, and lower only in the
exceptional case 6. The generally higher counts
in Series 2 are due to the fact that the number of
prickle cells which account for the main mass of
the epidermis is elevated in 9 cases (Fig. 6). Basal
cells (Fig. 5) and post-mitotic cells (granular plus
parakeratotic cells, Fig. 8) are more numerous in
7 cases. Most cell counts show a tendency to re-
turn closer to initial values at the end of the sec-
ond month (Series 3), except the granular cells
which are widely scattered and mostly elevated.
B. Effect of vitamin A on forced regeneration
after stripping.
Stripping-off the keratin layer produces a
predictable mitotic burst in normal human
epidermis as shown by us (2, 3) and others (4).
Highest mitotic counts usually are found 48—72
hours after stripping and may reach 4—5% of
intermitotic (basal and prickle) cells. Cell
division usually takes place in the basal layer and
the one immediately above (suprabasal). In this
series of experiments, peak mitotic counts of
3% or more were encountered initially in 8
cases (Fig. 9). The remaining 2 showed peaks of
TABLE 2
Cell counts (per square mm) in control specimens
before vitamin A (Series 1)
Case
b
Basal
Cells
Prickle
Cells*
All Post-
mitotics*
All Nu- Keratin
Cellst
1 14,800 35,300 7,000 57,100 17,200
2 15,300 26,600 8,000 49,900 14,000
3 15,000 34,300 5,200 54,500 13,600
4 16,500 33,800 11,300 61,600 13,300
5 14,900 30,300 6,000 51,200 11,600
6 18,800 41,700 6,900 67,400 11,200
7 16,800 34,100 9,800 60,700 10,900
8 17,400 32,900 8,400 58,700 10,900
9 18,100 33,000 6,900 58,000 10,600
10 12,800 29,300 8,900 51,000 8,600
* Counted in paraffin sections.
t Counted in tape strips.
only 1 and 1.5%, and one of these, a 38 year old
female subject, had even lower counts in Series 2
and 3 without deviating from the average in other
respects.
Peak mitotic counts were lower in Series 2
in 7 subjects, higher in 3. This trend reversed
itself in Series 3 in 6 (3 up, 3 down) and was
farther down in 4. Because of the possibility
that the mitotic effort may have been lower at
any one time, but more prolonged after vitamin
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A, the sum of all mitoses seen in the 5 specimens
of each series was obtained. This did not change
the overall result as evidenced by the fact that
7 subjects had lower total counts and 3 had higher
values in Series 2. Mitotic peaks were lower in
Series 3 than in Series 1 in 7 subjects, total
counts also lower in 7 subjects.
DISCUSSION
From the rather bewildering diversity of
individual responses, three facts stand out as
probably having some significance.
1) After one month of a daily dose of 150,000
units of vitamin A, the number of horny cells
that could be stripped from a given area was
decreased in all 10 subjects.
2) The number of nucleated cells in a similar
area was increased in 9 of the 10.
3) The mitotic response to stripping was
decreased in 7, definitely higher in only 1 subject
of the 10.
It must be emphasized in discussing these
results that we are not concerned with statistical
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FJGS. 1—8. Percentage changes of cell counts in the three phases of the experiment. All initial values(Series 1) given as 100% norm. Series 2 shows values in the control specimens taken after one month on
vitamin A. Series 3 shows values at the end of the second month, 30 days after vitamin A was discon-
tinued. Horny cells were counted in strips, nucleated cells in paraffin sections.
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FIG. 9. Peak mitotic counts expressed as per
cent of intermitotie (basal plus prickle) cells in
Series 1, 2 and 3.
significance, but are content to point out trends.
It seems then that there is no overall decrease of
cells in the epidermis, rather a shift from fully
keratinized cells to less mature forms in the
majority of cases. Basal cells, prickle cells, and
granular cells have a tendency to increase in
percentage under the influence of vitamin A,
although this trend is not consistent. The data
seem to support the often voiced view that
vitamin A has an "antikeratinizing" effect and
suggest that this is achieved by cells remaining
immature longer. Total cell counts remained the
same or were somewhat higher. Thus, there is no
evidence that vitamin A in the doses and during
the time of our experiment led to general
epidermal atrophy. Visual examination of
representative control sections of the three
series show that the epidermal cells look some-
what larger and more succulent in Series 2 (Fig.
10 A-C.)
Another point that is obvious in sections of
most 24 hour specimens of Series 2 is the some-
what less complete denudation of the surface.
This observation is at once disturbing and
revealing. When epidermis is stripped with
Scotch Tape® in our laboratory, there is an
end point at which the denuded surface appears
somewhat reddened and glistening, but dry.
Experience has shown us that from this point on,
repeated applications produce very few additional
cells, that stripping comes to a natural end. The
most likely reason is that the more cohesive
and somewhat moister granular cells do not
adhere to the pressure sensitive tape. Our
experience in this respect differs from that of
some other authors who have stated that they
can strip off living epidermis and produce a
moist and even bleeding surface with the tape
they have used. While we do not question these
results, we state that stripping with the ordinary
brand of Scotch Tape® in our hands leads to
a rather sharp end point in gross clinical observa-
tion. It seems, however, that histologically this
end point changes slightly under the influence of
vitamin A. It may be that the youngest (lowest)
horny cells are more cohesive and perhaps more
moist, or it may be that in the first 24 hours after
stripping, new keratin cells are quickly produced
by the hypertrophic granular layer. The latter
possibility is less likely as no definite decrease
and often an increase of granular cells was
observed between the control and the 24 hour
specimens.
In any case, since the entire number of horny
cells is not more than 15—20% of the total
number of epidermal cells in any of our subjects,
the few cells left on the skin surface in Series 2
(and therefore not counted) do not materially
influence our conclusions concerning the number
of cells.
The next point for discussion is the restitution
of the keratin layer after stripping and the
mitotic effort that is responsible for it. Neither
microscopic examination nor differential cell
counts suggested any impairment of the ability
of the epidermis to keratinize. On the other
hand, the mitotic effort seemed to be somewhat
less vigorous under the influence of vitamin A.
This does not imply changes in the normal
turnover of the epidermal cells. This process
is slow and our counts did not reflect any changes.
However, under the conditions of forced regenera-
tion after stripping, the majority of subjects
exhibited lower mitotic peaks and lower total
number of mitoses.
It is known, expecially through the work of
Bullough (5) that lifespan of keratinoeytes and
mitotie activity are reciprocally connected. Not
only does increased mitosis lead to faster exfolia-
tion (shorter lifespan), but factors leading to
decreased exfoliation inhibit mitosis. It is
tempting to assume that the retarded maturation
of keratinocytes that is suggested by our figures is
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Fm. 10. Control sections of series 1, 2 and 3 of Case 9, stained with H & E, 90 X. A: Initial stage
before vitamin A. B: After one month of vitamin A. C: One month after discontinuing vitamin A.
responsible for the decrease of regenerative
activity. However, Pinkus showed in his first
experiments (3) that the force of regeneration is
directly proportional to the completeness of
denudation. It is possible therefore that the
somewhat less complete stripping in Series 2
is responsible for the lessened mitotic vigor,
and that this is not due to a direct metabolic
effect of vitamin A.
5uMMAEv
Daily administration of 150,000 units of
vitamin A for one month in the form of buccal
tablets to 10 adult volunteers produced the
following effects on the epidermis:
1) The number of horny cells that could be
stripped off a unit area by pressure-sensitive
tape was decreased in all ten subjects.
2) The number of nucleated cells per unit area
of skin surface was increased in nine subjects.
3) Total number of cells (nucleated plus non-
nucleated) was moderately increased in six
subjects.
4) Mitotic effort after denudation by tape
stripping was somewhat less vigorous in seven
subjects and slightly elevated in three. It seems
possible that the decrease is due to less complete
stripping of vitamin A-influenced skin rather than
to a direct metabolic effect.
5) Vitamin A in the doses administered appears
to have a retarding effect on the maturation of
human keratinocytes.
V
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